A summary of the main energy transfer (ET) mechanisms between isolated pairs of molecules in solution is presented. Various ET models for many-molecules systems are discussed in their basic assumptions and their range of applicability. Time-resolved studies of ET in solution allow to determine the predominant ET mechanism and to test ET models.
INTRODUCTION
Energy transfer processes are widespread in nature. The intermolecular energy transfer (ET) from excited molecules to unexcited ones plays a major role e.g., in photosynthesis and the visual process. 2 Further, there is a great interest in the technical use of such ET processes because excitation energy can be transported with negligible losses over molecular distances (up to some 100 A) within time intervals of less or much less than a nanosecond. In addition, energy can be transferred from one spectral region to another. Examples are the exciton migration in solids 3 or the sensibilization of photophysical 4 and photochemical processes.
In the particular field of laser physics ET processes have been widely used to extend the lasing range, increase the output efficiency and influence the spectral and temporal characteristics of the output pulses of energy transfer dye lasers 6'7 or solid state laser materials. 8'9 Thus, the investigation of ET mechanisms is stimulated on the one hand by the aim to gain principal knowledge on these mechanisms and on the other hand to achieve successful technical utilization of some basic ET processes.
The early studies of ET, after the classical papers of F6rster, Thus, in modelling energy transfer processes one has to make certain assumptions concerning the spatial distribution of donor and acceptor molecules independent on the predominant transfer mechanism. Several ET models are given below. In deriving these models a common rate equation method is used, implying that thermal equilibrium over the vibrational levels of the excited donor molecule is established, and further that coherent effects are neglected. The first condition can be violated, e.g., in intramolecular electronic ET, 8 whereas the latter may not be fulfilled in the case of very strong interaction, leading to transfer times in the fs-time range.
MODELLING OF INTERMOLECULAR ET
In the following we would like to summarize some features of the most important models for intermolecular energy transfer.
Radiative energy transfer
In this case the ET consists of two independent intramolecular processes taking place successively in time: the emission of the photon of the primary excited donor and the absorption of it at the acceptor located in a certain distance. The absorption (= ET) probability is mainly determined by the optical density in the direction of observation. The self-absorption of fluorescence is an important case of radiative ET between identical molecules. It is very difficult to give a general description of self absorption because results strongly depend on the particular experimental geometry of observation. 13 However, it can be stated that reabsorption strongly influences the measured decay time, which is generally prolonged. In the case of strong selfabsorption the decay time measured from the ensemble of excited molecules depends not only on cavity dimension and geometry of excitation and detection, but also on wavelength of observation of the fluorescence light.
Under the assumption of weak self-absorption the measured decay time rm is independent of wavelength 19 and the true molecular fluore- 
with rm(C 0) r. Here fl, f(Z), e(Z) and c are the fluorescence quantum yield, the normalized fluorescence spectrum, the molecular extinction coefficient and the concentration of the emitting molecules, respectively. These formula can be used in a rough estimation for transverse observation of a point-like excited volume. The light penetrates a length x within the solution in the direction of observation ( Figure 3 ). r///. a is the combined probability of emission followed by an absorption of light along the pathway of propagation x. (13) On the other hand the increase of the excited acceptors is given by (14) with the abbreviations" o 4ZDDifRTNA 
Here R r is the critical distance at which the exchange transfer occurs with the same probability as the spontaneous decay in an isolated donor, 7 2Rr/L, and g(z) is given by: g(z) -z exp (-z. y)(ln y)3 dy (19) 24 and results from the spatial averaging (z e't/rD). (23) with , and w from (15) and (16) . 27 There are some specific spatial configuration to which F6rster-type ET can be applied under the restriction mentioned above. First there is the two-dimensional ET in monolayers, 28 where the donor decay Second in a quasi-one-dimensional system the donor decay function after spatial averaging has the form 13 (26) and IA is the linear density in cm-1. [34] [35] [36] .
EXAMPLES OF TIME RESOLVED ET STUDIES
By means of excite-and-probe-beam spectroscopy using a ps-or fs-continuum the ET process can be observed in a broad spectral region, and even the excitation of non-fluorescent acceptors via ETprocesses can be studied with high time resolution (e.g. Ref An example is given in Figure 4 which shows the fluorescence decay and rise of a donor and acceptor molecule according to Eqs. (22) and (23), respectively. The time resolved fluorescence was detected by a streak camera system. 17 Another confirmation of a F6rster model of the donor decay in a time interval ranging from 10ps up to several nanoseconds was reported by Tredwell et al. 38 In the experiments the acceptor concentration range from 10 (Table I ).
The efficient donor-acceptor ET has also been demonstrated by the surprisingly fast rise of acceptor excitation in ps-excite-and-probe beam experiment ( Figure 6 ). This problem is being treated in a forthcoming paper in detail, together with a detailed investigation of energy transfer processes in microstructured systems (Micelles, Vesicles, Bilayers). 25 
